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(57) ABSTRACT

Information-processing device detects a visual line of a user,
and displays cursor at the position viewed by the user. If the
user touches a display area of an image using his/her finger
while cursor is close to an edge of the display area, the
position touched by the finger is recorded. When the user
moves the finger, a scrolling speed is determined according to
a distance the finger is moved and the image is scrolled in the
direction of cursor. In a case where the position viewed by the
user and a scrolling direction change, and where a line of a
scrolling direction before the change crosses a line of a scroll-
ing direction after the change, the scrolling direction changes
while the scrolling speed is maintained.

4 Claims, 6 Drawing Sheets
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DISPLAY DEVICE, DISPLAY METHOD, AND
PROGRAM

TECHNICAL FIELD

The present invention relates to a user interface.

BACKGROUND ART

JP2002-99386 A1 discloses a system for scrolling a screen
by using a visual line of a user. The system detects a direction
of a visual line of a user based on an image captured by a
camera, and detects a position on a screen of a display device
being viewed by the user. When the visual line reaches an
edge of the screen, a scroll arrow is displayed on the edge of
the screen, and when the visual line moves out of the screen
after the scroll arrow is displayed, the screen is scrolled.

In the system of JP2002-99386A1, when a visual line is
moved and a position of an edge of the screen being viewed
changes, scrolling of an image stops. For example, when a
large image (such as a map) is displayed and a position a user
wishes to view is approaching, a user scrolls an image
minutely from vertically to horizontally or from horizontally
to vertically to display the desired position. However, in the
system of JP2002-99386A1, each time a direction of view
changes, scrolling of an image is stopped, which requires
time to scroll to the desired position.

SUMMARY

The present invention has been made in view of the fore-
going background, and an object of the present invention is to
shorten a required time to display a desired position when
scrolling an image by moving a visual line.

An aspect of the present invention provides a display
device, comprising: a display unit having a display surface on
which an image is displayed; a first detecting unit that detects
a visual line of a user; a second detecting unit that detects an
operation of the user performed on the display surface; a
direction determining unit that determines a scrolling direc-
tion of the image according to the visual line detected by the
first detecting unit; a speed determining unit that determines
a scrolling speed of the image according to the operation
detected by the second detecting unit; and a display control
unit that controls the display unit to scroll the image in the
scrolling direction, and when the scrolling direction changes
and a line of a scrolling direction before the change crosses a
line ofa scrolling direction after the change, starts to scroll the
image at the same scrolling speed as that before the scrolling
direction changed, and when the scrolling direction after the
change is in an opposite direction along a line of the scrolling
direction before the change, starts to scroll the image at a
predetermined speed or stops scrolling the image, and when
the scrolling speed changes as a result of an input operation by
the user, scrolls the image at a scrolling speed according to the
input operation.

In a preferred aspect of the present invention, the display
control unit, when the visual line moves in a predetermined
area of the display surface and then moves in a direction
before the movement, starts to scroll the image at a scrolling
speed faster than that before the visual line moved in the
predetermined area.

Another aspect of the present invention provides a display
method, comprising the steps of detecting a visual line of a
user; detecting an operation of the user operated on a display
surface of a display unit that displays an image; determining
a scrolling direction of the image according to the detected

10

20

25

30

35

40

45

50

55

60

65

2

visual line; determining a scrolling speed of the image
according to the detected operation; and controlling the dis-
play unit to scroll the image in the scrolling direction, and
when the scrolling direction changes and a line of a scrolling
direction before the change crosses a line of a scrolling direc-
tion after the change, starts to scroll the image at the same
scrolling speed as that before the scrolling direction changed,
and when the scrolling direction after the change is in an
opposite direction along a line of the scrolling direction
before the change, starts to scroll the image at a predeter-
mined speed or stops scrolling the image, and when the scroll-
ing speed changes as a result of an input operation by the user,
scrolls the image at a scrolling speed according to the input
operation.

Another aspect of the present invention provides a program
for causing a computer to execute the steps of: detecting a
visual line of a user; detecting an operation of the user per-
formed on a display surface of a display unit that displays an
image; determining a scrolling direction of the image accord-
ing to the detected visual line; determining a scrolling speed
of'the image according to the detected operation; and control-
ling the display unit to scroll the image in the scrolling direc-
tion, when the scrolling direction changes and a line of a
scrolling direction before the change crosses a line of a scroll-
ing direction after the change, starts to scroll the image at the
same scrolling speed as that before the scrolling direction
changed, and when the scrolling direction after the change is
in an opposite direction along a line of the scrolling direction
before the change, starts to scroll the image at a predeter-
mined speed or stops scrolling the image, and when the scroll-
ing speed changes as a result of an input operation by the user,
scrolls the image at a scrolling speed according to the input
operation.

According to the present invention, a required time to
display a desired position is shortened when an image is
scrolled by moving of a visual line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a hardware configuration of
information-processing device 1.

FIG. 2 is a block diagram showing functions of informa-
tion-processing device 1.

FIG. 3 is a flowchart showing a flow of processing per-
formed by control unit 102.

FIG. 4 is a flowchart showing a flow of processing per-
formed by control unit 102.

FIG. 5 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 6 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 7 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 8 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 9 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 10 is a diagram showing an example of a screen image
displayed on display unit 1042.

FIG. 11 is a diagram showing an area viewed by a user
while scrolling an image.

FIG. 12 is a diagram showing an area viewed by a user
while scrolling an image.
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DETAILED DESCRIPTION

Embodiment
Hardware Configuration

FIG. 1 is a diagram showing a hardware configuration of
information-processing device 1 according to an embodiment
of the present invention. Information-processing device 1
according to the present embodiment is a computer device
including a touch screen and hardware buttons, which is
referred to as a “tablet terminal.” The touch screen and the
hardware buttons are provided in a plate-like housing. Infor-
mation-processing device 1 is an example of a display device
that displays an image on a touch screen. The components of
information-processing device 1 are interconnected via bus
101, as shown in FIG. 1.

Communication unit 105 has a function of a communica-
tion interface that performs wireless communication. Infor-
mation-processing device 1 controls communication unit 105
to connect to a wireless LAN (Local Area Network) or a
mobile communication network, via which the device per-
forms data or voice communication.

Input operation unit 104 includes plural hardware buttons
for operating information-processing device 1. Input opera-
tion unit 104 also includes touch screen 104A, in which
display unit 1042 and position detecting unit 1041 are inte-
grated. Display unit 1042 is an example of a display means for
displaying an image. Position detecting unit 1041 is provided
on a surface of display unit 1042. Position detecting unit 1041
transmits an image displayed by display unit 1042, and
detects a position touched by a finger. Display unit 1042 may
be a liquid crystal display, an organic EL. (Electro Lumines-
cence) display, or any other display. Position detecting unit
1041 may be a sensor such as a capacitance type sensor,
which detects positions touched by more than one finger.
While a user’s finger touches touch screen 104A, position
detecting unit 1041 generates position data representing a
position touched by a finger, and provides generated position
data to control unit 102.

Imaging unit 106 includes a lens and a solid-state imaging
sensor, and generates data representing an image formed in
the solid-state imaging sensor by the lens.

Storage unit 103 includes a non-volatile memory. Storage
unit 103 stores program OS for providing an operating sys-
tem, and a variety of application programs. Control unit 102
includes CPU (Central Processing Unit) 102A, ROM (Read
Only Memory) 102B, and RAM (Random Access Memory)
102C. When CPU 102A executes an IPL (Initial Program
Loader) stored in ROM 102B, program OS stored in storage
unit 103 is executed so that the operating system is loaded. As
a result, the variety of application programs becomes execut-
able. In the present embodiment, after the operating system is
provided, a user interface using touch screen 104 A and imag-
ing unit 106 is provided.

(Description of Functional Block)

FIG. 2 is a block diagram showing functions provided by
controlunit 102, which relates to characteristics of the present
invention. In the present embodiment, a user interface is
provided with touch screen 104A and imaging unit 106, as
described above. FIG. 2 is a block diagram showing functions
relevant to the user interface function.

Operation detecting unit 201 acquires position data gener-
ated in position detecting unit 1041. The position data indi-
cates a position on a display surface of display unit 1042,
which has been touched by a user’s finger. A content of
position data is changed when the user’s finger moves. Opera-
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tion detecting unit 201 detects an operation performed via the
user’s finger based on the position data.

Visual line detecting unit 202 detects a user’s visual line.
Visual line detecting unit 202 acquires an image showing a
user’s face. Visual line detecting unit 202 detects a user’s
visual line based on the acquired image of the user’s face.

Direction determining unit 203 determines a scrolling
direction in a case of scrolling an image based on the visual
line detected by visual line detecting unit 202.

Speed determining unit 204 determines a scrolling speed in
a case of scrolling an image according to the operation per-
formed by operation detecting unit 201. For example, when
an operation in which a finger moves on touch screen 104A is
performed, speed determining unit 204 determines a scrolling
speed according to a distance from a touched position to a
position after the movement of a finger.

Display control unit 205 controls display unit 1042 to
scroll an image. Display control unit 205 scrolls an image
using the scrolling direction determined by direction deter-
mining unit 203 and the scrolling speed determined by speed
determining unit 204.

Example Operation of Embodiment

An example of an operation of the present embodiment will
be described with reference to flowcharts shown in FIGS. 3
and 4, and example screen images shown in FIGS. 5 to 10.
FIG. 5 shows an example of a screen image displayed when
information-processing device 1 executes an application pro-
gram that realizes a web browser. The screen image displayed
is a web page selected by a user.

Control unit 102 controls imaging unit 106 to capture an
image. When the user looks at the display screen, imaging
unit 106 captures an image of the user’s face. Imaging unit
106 generates an image representing the user’s face (herein-
after referred to as “face image”).

Control unit 102 executes the process shown in FIG. 3 each
time a face image is generated. First, control unit 102 acquires
the face image (step SA1). After acquiring the face image,
control unit 102, using, for example, a technique disclosed in
JP 10-39995 A, detects a visual line of the user to identify a
position on the display screen viewed by the user (step SA2).
It is to be noted that the technique for detecting a user’s visual
line may be any other conventional technique. For example, a
user’s visual line may be detected based on an image of the
user’s eyes captured by a camera mounted on the user’s head.

After identifying the position viewed by the user, control
unit 102 controls display unit 1042 to display cursor 10 at the
identified position (step SA3). When the processing of step
SA3 is carried out, cursor 10 is displayed at the position
viewed by the user as shown in FIG. 5.

To scroll the displayed web page, the user moves his/her
visual line toward an edge of the rectangular display area of
display unit 1042. Control unit 102 identifies the position
viewed by the user using the face image captured by imaging
unit 106, and moves cursor 10 to the identified position. After
moving cursor 10, control unit 102 determines whether the
position viewed by the user moves to any one of areas B1 to
B8 shown in FIG. 6.

When the position viewed by the user moves from area A
(shown in FIG. 6) to any one of areas B1 to B8, control unit
102 determines whether the user’s finger is in contact with
touch screen 104A. If the position data is not provided by
touch screen 104A when the position viewed by the user
moves from area A to any one of areas B1 to B8 (step SB1;
NO), control unit 102 determines whether the position
viewed by the user is within any one of areas B1 to B8. If the
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position viewed by the user is out of any one of areas B1 to BS,
such as area A or out of the display area of display unit 1042
(step SB2; NO), control unit 102 ends the process shown in
FIG. 4.

On the other hand, In a case where the positive determina-
tion is made at step SB1, control unit 102 identifies, using the
acquired position data, a position touched by the user’s finger
on the display screen (step SB3). Control unit 102 stores data
on the position (hereinafter referred to as “first position™)
identified at step SB3 in RAM 102C (step SB4). Control unit
102 records the area after the movement when the position
has moved from area A to any one of areas B1 to B8 (step
SBS).

Next, control unit 102 determines whether the position
viewed by the user is any one of areas B1 to B8. If the position
viewed by the user is not any one of areas B1 to B8 (step SB6;
NO), control unit 102 ends the process shown in FIG. 4. On
the other hand, if the position viewed by the user is any one of
areas B1 to B8 (step SB6; YES), control unit 102 determines
that the area viewed by the user at that time is the same as the
arearecorded at step SB5. Ifthe area viewed by the user at that
time differs from the area recorded at step SB5 (step SB7;
NO), control unit 102 returns to step SB1.

On the other hand, in a case where the positive determina-
tion is made at step SB7, control unit 102 determines whether
position data is provided. If position data is not provided (step
SB8; NO), control unit 102 determines that the finger is
disengaged from the touch screen and ends the process shown
in FIG. 4.

In a case where the positive determination is made at step
SB8, control unit 102 identifies the position of the user’s
finger from the position data (step SB97), and determines
whether the position of the user’s finger is the same as the first
position. If the position identified at step SB9 is the same as
the first position (step SB10; YES), control unit 102 returns to
step SB6.

Alternatively, if the position identified at step SB9 differs
from the first position (step SB10; NO), control unit 102
determines that the position of the user’s finger has changed
from the first position. When the position of the user’s finger
has changed, control unit 102 calculates the distance between
the position identified at step SB9 and the first position (step
SB11).

After calculating the distance at step SB11, control unit
102 scrolls the image displayed according to the position of
cursor 10 and the calculated distance (step SB12). Specifi-
cally, control unit 102 scrolls the image in the direction of the
area of existing cursor 10. For example, when cursor 10
moves from the position shown in FIG. 5 to area B1 to scroll
a displayed image, the image is scrolled toward area B1, as
shown in FIG. 7. Alternatively, when cursor 10 moves from
the position shown in FIG. 5 to area B5 to scroll a displayed
image, the image is scrolled toward area B5, as shown in FIG.
8. It is to be noted that the finger in contact with touch screen
104A is not shown in FIGS. 7 and 8. Further, control unit 102
sets a scrolling speed (an amount of movement per unit time
(for example, one second)) of an image according to the
distance calculated at step SB11. For example, control unit
102 makes the scrolling speed faster as the distance calculated
at step SB11 becomes longer. Therefore, as shown in FIG. 9,
when a finger moves from the first position, if the position of
the finger after the movement is close to the first position, the
scrolling speed decelerates, and the scrolling speed acceler-
ates as the position of the finger after the movement becomes
more distant from the first position. Consequently, as shown
in FIG. 10, when the position after the movement is farther
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from the first position than the position shown in FIG. 9, the
scrolling speed for the case of FIG. 10 is faster than in the case
of FIG. 9.

After the processing of step SB12, control unit 102 returns
to step SB6. And then, if the user views a point outside of
areas B1 to B8, or the user’s finger is disengaged from touch
screen 104 A, control unit 102 finishes scrolling the image.

If the area viewed by the user changed from the area
recorded at step SB5 while scrolling the image, control unit
102 makes the negative determination at step SB7.

Subsequently, control unit 102 determines whether the
area viewed by the user is the area of the opposite direction to
the area recorded at step SB5. For example, when the visual
line moves from area B1 to B5, from area B5 to B1, from area
B3 to B7, and from area B7 to B3, control unit 102 determines
that the area viewed by the user is the area in the opposite
direction to the area recorded at step SB5 (step SB13; YES),
and returns to step SB1.

When control unit 102 makes the positive determination at
step SB13 and returns to step SB1, the position of the user’s
finger at that time is recorded as the first position. Control unit
102 does not scroll the image until the finger moves from the
first position. Accordingly, scrolling of an image is stopped
when a moving direction of a visual line has changed to an
opposite direction during scrolling of the image. Subse-
quently, when the finger has moved from the new first posi-
tion, the image is scrolled according to the distance from the
first position, which is stored when the visual line has moved
to the position of the finger after the movement.

On the other hand, when control unit 102 makes the nega-
tive determination at step SB13, control unit 102 returns to
step SB8. In this case, the scrolling speed is set according to
the distance from the first position to the position of the finger.
Therefore, the scrolling speed is the same and the scrolling
direction changes as compared to that before movement of the
visual line. For example, when the visual line moves from
area Bl to area B7, the scrolling direction changes to the
direction of area B7 while maintaining the scroll speed when
the visual line faces to area B1.

According to the present embodiment, it is possible to
determine a scrolling direction of an image by a user’s visual
line and control a scrolling speed by an operation of a user’s
finger. In addition, according to the present embodiment,
scrolling of an image is stopped as a user moves his/her visual
line to the opposite direction while scrolling the image.
Therefore, it is possible to display the desired position of a
user easily, as compared to the case where a scrolling direc-
tion is changed to the opposite direction while maintaining
the scrolling speed.

[Modifications]

The present invention may be implemented in embodi-
ments other than that described above. For example, the
above embodiment may be modified as described below. The
above embodiment and the following modifications may be
combined with each other.

In the above embodiment, an image is scrolled while a
visual line is in any of areas B1 to B8; however, a position of
a visual line for scrolling an image is not limited to these
areas. An image may be scrolled while a visual line moves to
the outside of the display area of display unit 1042.

For example, in a case where there is a display area of an
image shown by a dashed line in FIG. 11, the image may be
scrolled while a visual line is in areas C1 to C8 (that is, the
outside of the display area), instead of areas B1 to B8.
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Alternatively, in a case where there is a display area of an
image shown by a dashed line in FIG. 12, the image may be
scrolled while a visual line is in areas D1 to D8 shown in FIG.
12, instead of areas B1 to BS.

In the above embodiment, a scrolling speed of an image is
determined according to an amount of movement. However, a
method for determining a scrolling speed is not limited to the
method of the above embodiment.

For example, there is a touch screen that is able to measure
pressure applied by a finger. In this case, a scrolling speed of
an image may be accelerated as pressure applied by a finger
increases.

Additionally, when a user touches a touch screen using
his/her finger after s’he has moved his/her visual line to any of
areas B1 to B8, a scrolling speed of an image may be accel-
erated as elapsed time during which the finger touches the
touch screen increases.

Alternatively, when a user taps a touch screen using his/her
finger after s/he has moved his/her visual line to any of areas
B1 to B8, a scrolling speed of an image may be accelerated as
a number of taps on a touch screen increases.

In the above embodiment, scrolling of an image stops if a
user moves his/her visual line. Subsequently, to scroll the
image again, the user has to move his/her finger after moving
the visual line. However, if the visual line returns to the
position viewed by the user before stopping the scrolling, the
operation may be carried out as described below.

For example, when the position viewed by the user moves
from any of areas B1 to B8 to area A, control unit 102 stores
data on the area viewed by the user before moving to area A
and the scrolling speed before the position was moved to area
A. Next, when the position viewed by the user returns to the
stored area without disengaging his/her finger from touch
screen 104, control unit 102 scrolls the image in the direction
viewed by the user at a speed faster than the stored speed.
Alternatively, when the position viewed by the user does not
return to the stored area and moves to the other position,
control unit 102 stores data on the new first position and stops
scrolling the image until the position of the finger is moved.

According to the present modification, where a scrolling of
an image is not stopped while the scrolling is continuously
carried out in the same direction, a user is able to scroll an
image faster than in a case where the scrolling is stopped.

In the above embodiment, scrolling of an image is stopped
when a visual line moves in the opposite direction to a scroll-
ing direction after recording the first position; however, con-
trol unit 102 may not be provided with such a configuration.
For example, when a visual line moves from area B1 to area
B5, controlunit 102 records the position of a finger at the time
avisual line moves to area B5 as a first position, and scrolls an
image in the direction of area B5 at a predetermined speed.
Additionally, as the finger moves further from the first posi-
tion, control unit 102 may make the scrolling speed faster
according to a distance from the first position to the position
of the finger, using the predetermined speed as a benchmark.

In the above embodiment, a scrolling speed may vary for
different applications or contents to be displayed. For
example, a scrolling speed where a web page is displayed by
a web browser may vary from a scrolling speed where a
document is displayed by a word processor application, even
though an amount of a movement of a finger from the first
position is the same. In addition, a scrolling speed where a
text page is displayed by a web browser may vary from a
scrolling speed where a map page displayed by the web
browser.

10

15

20

25

30

35

40

45

50

55

60

o

5

8

In the above embodiment, a function of scrolling an image
according to a finger’s position and a visual line is provided
by executing an operating system program.

However, the function may be provided by executing
another program such as an application program, instead of
the operating system program.

In the above embodiment, imaging unit 106 is built into
information-processing device 1; however, imaging unit 106
may not be built into information-processing device 1. For
example, a camera having a lens and a solid-state imaging
sensor may be connected to information-processing device 1,
and an image of a user’s face may be captured using the
camera. The camera may be mounted on an eyeglass frame,
and an image of a user’s face may be captured using the
camera.

Inthe above embodiment, information-processing device 1
is provided with a function of performing communication
using a communication network; however, information-pro-
cessing device 1 may not be provided with such a function.
For example, information-processing device 1 may be an
electronic book reader.

A program for providing functions described in the fore-
going embodiments may be provided in the form of a com-
puter-readable recording medium to be installed in informa-
tion-processing device 1. The recording medium may be a
magnetic recording medium, an optical recording medium, a
magneto-optical recording medium, or a semiconductor
memory. The magnetic recording medium may be a magnetic
tape, or amagnetic disk such as an HDD (Hard Disk Drive) or
an FD (Flexible Disk). The optical recording medium may be
an optical disk. The program may be downloaded to informa-
tion-processing device 1 via a communication line to be
installed in information-processing device 1.

The invention claimed is:

1. A display device, comprising:

a display unit having a display surface on which an image

is displayed;

a first detecting unit that detects a visual line of a user;

a second detecting unit that detects an operation performed
by the user on the display surface;

a direction determining unit that determines a scrolling
direction of the image according to the visual line
detected by the first detecting unit;

a speed determining unit that determines a scrolling speed
of the image according to the operation detected by the
second detecting unit; and

a display control unit that controls the display unit to scroll
the image in the scrolling direction, when the visual line
moves from a place outside of a predetermined area of
the display unit to a location within the predetermined
area, the image commences scrolling at the scrolling
speed, wherein the scrolling speed is maintained when
the visual line is moved from the predetermined area to
the place outside of the predetermined area, and when
the visual line moves from a first position within the
predetermined area to a second position such that a
movement to the second position is in an opposite direc-
tion as the scrolling direction, the image scrolling is
stopped or scrolled at a predetermined speed, and when
the scrolling speed changes as a result of an input opera-
tion by the user, the image is scrolled at a second scroll-
ing speed according to the input operation.

2. The display device according to claim 1, wherein the
display control unit, when the visual line moves from the first
position within the predetermined area to the second position
such that a movement to the second position is in an opposite
direction as the scrolling direction the image starts to scroll at
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a third scrolling speed, the third scrolling speed being faster
than the scrolling speed before the visual line in the predeter-
mined area was moved.
3. A display method, comprising the steps of:
detecting a visual line of a user;
detecting an operation performed by the user on a display
surface of a display unit that displays an image;
determining a scrolling direction of the image according to
the detected visual line;
determining a scrolling speed of the image according to the
detected operation; and
controlling the display unit to scroll the image in the scroll-
ing direction, when the visual line moves from a place
outside of a predetermined area of the display unit to a
location within the predetermined area, the image com-
mences scrolling at the scrolling speed, wherein the
scrolling speed is maintained when the visual line is
moved from the predetermined area to the place outside
of the predetermined area, and when the visual line
moves from a first position within the predetermined
area to a second position such that a movement to the
second position is in an opposite direction as the scroll-
ing direction, the image scrolling is stopped or scrolled
at a predetermined speed, and when the scrolling speed
changes as a result of an input operation by the user, the
image is scrolled at a second scrolling speed according
to the input operation.
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4. A program stored on a non-transitory computer readable
medium for causing a computer to execute the steps of:

detecting a visual line of a user;

detecting an operation performed by the user on a display
surface of a display unit that displays an image;

determining a scrolling direction of the image according to
the detected visual line;

determining a scrolling speed ofthe image according to the
detected operation; and

controlling the display unit to scroll the image in the scroll-
ing direction, when the visual line moved from a place
outside of a predetermined area of the display unit to a
location within the predetermined area, the image com-
mences scrolling at the scrolling speed, wherein the
scrolling speed is maintained when the visual line is
moved from the predetermined area to the place outside
of the predetermined area, and when the visual line
moves from a first position within the predetermined
area to a second position such that a movement to the
second position is in an opposite direction as the scroll-
ing directed, the image scrolling is stopped or scrolled at
a predetermined speed, and when the scrolling speed
changes as a result of an input operation by the user, the
image is scrolled at a second scrolling speed according
to the input operation.
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